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**' I; Robert Seotiest. Dunham, a citizen 
of "the;. IJnited States- of America, of 118, 
BjLyerMde .^DriTe," City and; State of New- 

. York, ;.Urnted States of America, Assignee 
pi- Maktjn TostfEiiUDy of 1807, Bidge 

. ^venue, ■ Arnold, Pennsylvania, United 
States of America,, a citizen of the United 
States, of America, do hereby declare the 

■. nature of this invention, and in what man- 
ner the same is to be performed, to be par- 
ticularly-described and ascertained in and 

- by the f allowing, statement : ~ 

\'.Thi8 invention- relates to the treatment 
o£ ^aluminium -and ' aluminium alloy sur- 
faces '.to produce thereon colored coatings, 
the bidef * object being to provide colored 
coatings of substantially any hue, which 
are uniform, and .of : a permanent character. 

. The term ''.aluminium " as used herein 
and. in the - appended claims, includes that 

: metal- in eyery degree, of purity and all 

- alloys, thereof containing a sufficient alu- 
v iramum to'perinit the -formation of. a suit- 
able oxide coating on the surface of the 
article, as explained hereinafter, that is to 
say*.. alloys -in which the aiummium-cOn- 

* tent., is 50 per cent., approximately, or 
''more., "-. 

: } IS* is -". very often. ; desirable to -durably 
color- metal surfaces , \ ' ffiuminium and. 
aluniiniuTA alloys have been the subjject of 

- numefbvis ' investigation^ directed "toward 

* tjie. deveidpinent. of Colored coatings on the 
metal- surface, ^ and attempts . have beeji 
fnade to develop, chemically, coatings on 
aluminium, and its ' alloy s which are . resist- 
ant -to corrosion, ' '"*• . 

Alh . experirnents 6Urected ; teward the de- 
. -yeiopment. of a. method 
-nnniuin, -it; . hasj .been- discovered that if 
geftain oxide: co^tinga are anodically pro- 
> ttliceS on alurnmium or aluminium" alloys 

* and the coated metal" then submitted to a. 
dyeing. operation*, certain; dyes such as: an- 
thracene blue,- anthraquihone blue and 
..alizerine red will be, adsorbed jtflr the 

- coatfin^ "thus. Jm^arting. ' to; the metal /.the 
: . Characteristic color V df ; the dye*, material 


■ \ ' ; It"- 3 has-, been . the previous experience , 
r fiQW^ver;7:th r a;t ;i&pt: all* organic compounds 
^f'^the .'class, "^enera% . koown as dyes and 
used, as.! coloring, mediums will produce 


the desired results and that when the 
coated metal is treated With a solution , of 
a basic organic dye the dye is riot select ' 
tively adsorbed in the coating" and the' 
metal is not, the'r^0re7 t tolored^~ : J3ecausQ 
of the, brilliant and characteristic colors "of 
the basic organic dyes it is- desirable that 
^a method be provided by which they -may 
%e utilized for the coloring : of alumimVtrri 
of its alloys. ■ 

" The term " basic organic- dye ' is' used 
herein and in the appended claims with; 
the significance and meanhlg attached 
thereto by the coloring art. The "term de^ 
notes dy es . which are : the salts of organic 
Bases (which bases in : the free state are 
colorless and insoluble), the name of the 
dyes being derived -from the fact that their 
dyeing -pow,er resides entirely in : the basic 
part of the salt.. t ' •'. " ; "... 

: According ; to -this invdntidn ^ a; basic J of-! 
gahic dye is mordanted, in the .adsorbent " 
oxide coating of an- alumimium. . alu- 
minium alloy, article.". The aluminium or> 
aluminium alloy articles provided with a 
suitable oxide coatmg^are Irrtmersed irr 'a 
solution of a mordant and. are thereafter 
immersed in a solution of a basic organic 
dye, the dye mil be "readily absorbed 
the mordant-containing.^xide. cbaiiiig ' to 
produce on the bxidej-cOated alurnmiUi-^ or 
aluminium alloy a uniformly "colored Sur- 
face of pleasing appearance.' J ■- '■ 
'■ The. term - * 1 ;6xidel' Coating -V, . tffi-." used 
herein and in " thej appended . claims- "is a 
well lmo wn designation. _jof . the art ^hich . 
describes a layer .of alum^^mium oxide- ilrfcir- 
ncialljr jproduced on "the aluminium Or altt-\ 
minium alloy surfaces by^ treatrnent- of- the 
metal surfaces with- -acids, preferably sul- 
furic or chromic, or with alkalies. Such as - 
sodiuni carbonate or the alkali sulfates 
and acid sulfates, for example sodium sul- 
fate pi sodium, acid" sulfate, all " with . or . 
\^ithout the addition, of' other : substances, 
and with or without i the use ' o£ . 
t'ernally-applied electrical . energy; : • The 
term !' oxide coating ? \dpes not include the 
very thin film of aluminium oxide which 
is naturally formed upon the metal by con^ 
tact ^rith the air. 

! In practicing the ^ invention ^ in the . pre- 
ferred manner, "the .aluminium or" alu- 
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f'<--^' T 'i^dmfaai' alloy: is to be treated -is* ' 

■M'-.t- first . .provided" with ^an ^xide" coating • 
.-2- certain characteristics: In* order -that . the-' 
AoatiQ&^jll.- hot ;^ter - separate^ froni the " 

- &:<nietal surface," it is necessary that/itvbe. 

&ard," defis.e,. and, adherent. Of great im-;. - 
; portance, ;ho\rever t is the adsorbent nature, 
of. "£he* coating.. ;" In order tg : obtain" the 
rncst satisfactory results; the oxide coatings - 
. should be ^adapted to "adsorb a substan-"* 
tial amount :of the solution with " which; 
.as above: mentioned, it later comes in. con- 
tact, -rd"- ■ •; - :.A ': 
II : tic To: produce, adsorb'ent "^xide coa^gs .of a 
15 .Ha±uw suital)le:10 cthe:;pu^ose of . .the in : . 
, rveritiorr,": arlaxge number -of - solutions -have £ 
-been.? jusei^amon^- whielf .. are included :_• 
solutions ^ .d£:Bi^uric!jaQid,- '^chromic .-acid r 
sodmm .carl^ dichro : . . 
matej^phos^qric acid and the salts there- - 
of y: ramTtjohmm . citrate. :. pr lactate, citric 
Acid - ana: the/ salts /thereof , and sodium 
. earjbpnateV.;:The ; ^ the alu- 
*~ - minium, or. aluminium alloy with these 
"25 solutions. -"to- produce : "the " desired oxide 
-.eoatxng-- -may . consist in -either immersing 1 
the me tal in the . solution, and . allowing the' * 
..." coating, to. be" formed, by. the action of. the. 
"• :r r . solution;l"or.-by supplementing the action, 
. 30 of r the solution; by making, the metal to be 
\ • edated-. the janojfe of a cell in. which the . 

.^solution serves as the" electrolyte, and then - 
; , im pressing external^elecfarieal-energy ..upon " 
. ™ .the "electrodes.; of . the. celL : : The manner. 
• 35 and detai3r;6f .forming oxide coatings \o% 
"i . aluminium wd a by means 

of ihe solutions arid methods aboyemen-: 
• tioned* are wpll Impwn and sufficiently de-_ 
scribed: & the^ ar£,. and. consequently only 
' the; preferred -solutions; rand .. methods will. 
be specifically described The solutions 
which it. K .pr|fe^ed jib:: use . in . the prepara^ .; 
tipii -of an- o^a%^cPated ; aluminium or aluV. 
minium alloy afticle are two;:. viz: sulfuric 
acid, or. sodium, carbonate and potassium 
\"v-J - £Uch*pmate:; -. .-^:. forrning aja .'^xide^CQatr; 
- ! '■_ ing\on aluminium by the." use - 

^Vsolu^bnlj oi*;* sulfuric acid, aqueous, 
/solutions: are^preierably used, the concenv ; -. 
^'50;i"6a^oi."of -the -acid -ranging from- about' 1 
: to 75-vper ..cent. The metal article to be 
' eq§tei^ and made the"' 

|fil^40"^.Bll , f |SleyW& : <d^ft of which -an-. 
7 • other aluminium I object cr lead or. other- - 
. .55!. metal, may be the cathode. : "When a solu- .; . 
- . - iapitJ: "Sri "peaf: ceat?- sulfuijo aoi f d- - is used;* . 

- .a^current; o£. fepm/about 0.01 to : 0.4- "am- . 
peres* per\fcquare .inch pf anode surface -is*-.- 

•5 * t impressed'. upon the circuit and the . action . 
. 60 on the^; aluminium' or aluminium alloy is '.. 
ftU'owed ~;ta . continue :for ahout* thirty. 
: minutes.' . "When; lower concentrations . of 
acid ..are " usen; . heading of the. solution is / 
preferred": <fo: increase f the . rapidity of . 
.. : 65 action^ . fWith} 1 . -high^ ' concentrations, -, of - ; : 


• acid,- lower current densities: are prefer^ . 

: ably impressed, on the anode. . . , r 
When" solution of sodiiim carbonate 
and potassium .dichromate is used to pro- 

.- duce an ■ oxide coating on aluminium or 70 
aluminium alloys, N it is found preferable 

" to simply, hninerse ihe piece to be coated 
in the solution without applying any ex- 
ternal electrical energy. It is also pre- 
-f erred. to heat lihe solution to boiling dur- 75 

" Mg the coating -process. A solution con- 
tainmg about 0.5 to 6 per cent, of sodium 
carbonate :and, about 0.L to l.per cent, of 
potassium: dic^Pmate ..swll give good re-. 
8.uite, \lp4 solufioh, "one con^ 80 

lalr^^^abbut- 2 -per ..cent. ! of sodium .'car- 
bqnttte auo 1 '0-5 per cent, of potassium di-; « 

...chrqmate 'is preferred; - ■ . \ ~ - 

"After ..the, I oxide-coated aluminium or. 

': aluminium alloy has been prepared in the 85 
above . maimer, the coated, metal is ready to 
IciQ-. "Seated -by :the -methods, of the _ inven- - , 
tion- which, comprises,, as hereinabove. men- 
tionedV-as the^ ^first. step! the treatment of - 
the coated metal, in' a mordant solution, 90 
during which treatment "the mordant solu- 
tion. 'is; adsorbed in the oxide coating, and 
as a second- step a further treatment of the . 

. oxide^coated metal in or- with ' a solution 
of a basic or^tnic dye. The surface of the 95 
oxide-coated metal is -thus, in accordance 
with the . invention, brilliantly . colored s? and 

-the bllsic.Torg:anic~ dye so flnnly and ad- 
herently, adsorbed in the oxide coating as 
to .^bstantially become "for all practical 10O 
"purposes, an .integral, and pennanent. part 
therepf v : '--[. .". • . - . - 

\- In the step which involves the treatment 

■ of the : oxide-coated metal with a solution 
of a'mordant, there may be used as a mor- 105 

: dant> any substance - which ^ill, when ad- 
sbfbed : 'm the oxide coating,; cause the. ad- .. 
sorption therein" and adherence thereto of 
the -basip . organic dye with which . the 
oxide-coated- metal is thereafter to be. 110, 
treated . - "' The : term ^^.mprdaiit * '.. . is used 
heremOanaVm .ther^ in the . , 

pra\ma^':;dghmcance>. and meaning , with " " 
wlncli it" is : used in. the colormg or dyeing 

Vggrfa. ~ }Among the many siibstiances which 115 
mayCbe-.used as" mordants* are tannic . acid, 

" citric Vcid,' tartaric acid, . phbspho-tungstic 
acid,: -v salicylic acid,*-. oxajiQ; ..acid,. 
stearic; .Xacid, .: ... sulphotiated .. castor . . 
611,1" : benzoic." acid- sodium silicate^ 120 
breaih of . tartar/ anrntonium . . oxalate, ' 
sodiiim benzoate, ferric, ammonium. * cit- . 
ratev:-Oi-ammonium hydrogen, phosphate, - .* * 

..sodium .oxalate, .6^-sod^um -jiydrogen plios- . 
•jphatei jJ;«pdTum; tartrate, ammonium cit-. 125 
rat*e, : sodium borate, ammonium mdlyb T 
date, arumonium .^ citrate, pyrogallic acid, - n 

-antimony, "potassium -. tartrate,. . potassium 
feiTocyanide,- sodium benzoate, and potas- 
sium dichromate; : *; 1. 130 
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^j: In the! next step in the preferred prac- 
tice -of . the mventiony the oxide-coated 
metal, the .coating of; which carries an ad- 
sorbed .mordant,** is -treated in any con- 
venient way with "a." solution of basic or- 
ganic dye 7of. the : characteristic color de- 
sired. ' This treatment, which may be 
effected by simple -immersion or spraying, 
imparts to? the; surface of the metal the 
color of the dye,', after" which the article is 
dried, in any convenient .manner. 

In the practice of the invention, any of 
the basic organic .dyes..may be used, among 
which /Safrahme, ^ B, "Vic- 

toria Green, Auramine, Chrysoidine E, 
Brilliant Grreeh B and Victoria Blue B 
may be named. The invention is not, 
however, limited tc> those specifically men- 
tioned but includes all basic organic dyes 
as herein defined. ~ 

In practicing the steps of the novel pro- 
cess, it has been determined that the con- 
centration of "the solutions in which the 
.oxide-coated metal, is immersed is not a 
critical factor and that solutions contain- 
ing as little as 1 per cent, by weight of 
the soluble compounds used, or solutions 
which" are completely saturated with the 
soluble compounds, will produce the colors 
desired, but the latter have been found 
more advantageous in general. It has 
been further determined that the tempera- 
ture of the solutions: at the time at which 
the oxide-coated metal is introduced there- 
in is not a governing factor and that satis- 
factory colors may be produced whether 
the solution be hot or cold. 

As specific examples of the product of 
the invention, iihe following may be 
cited: 

Example A. 
An aluminium alloy article was pro- 
vided with a suitable oxide coating by 
making the article the anode of an electro- 
lytic cell in which an aqueous solution of 
sulfuric acid was used as the electrolyte. 
The resulting— oxide-coated article was 
washed and thereafter immersed in a 5 
per cent, aqueous solution *of potassium 
antimony tartrate, for about 10 minutes. 
The article was then thoroughly washed 
:.:and, a. brilliant red color was produced 
therein by immersing the article for about 
12 minutes iir a I per cent, aqueous solu- 
tion of Safranine T. 

Example B. 
An aluminium article, provided with an 
oxide coating as. in Example A, was im- 
mersed in a 3 per cent, aqueous solution of 
sodium silicate for about 10 minutes. 
; The article was then thoroughly washed 
and a deep blue , color produced thereon by 
v immersing the. washed article for about 15 
-minutes in a 1 per cent, solution of Yie- 
..^5.'.toriaBIueB. 1 
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Example "C. ■ -* : ..-, 

An aluminium article, 1 provided with ari . . 
oxide coating as in -Example A, was im-: ' 
mersed in a 5 per cent; aqueous solution of 
tannic acid for about* 5' minutes. . The. 70 
article was then thoroughly! washed and~a 
brilliant red color produced thereon" by- 
immersing the washed article for about 10 
minutes in a 1 per cent', aqueous solution 
of Hhodamine B.' - . ? - \ _ -•*'.-. 7£ 
Example D. - • "~ - - ^ _ * 

The oxide-coated aluminium alloy s - - 
article was immersed. in a 5 per cent, solu- 
tion of phospho-tungstic acid for about 15 
minutes. The article was then thoroughly 80 
washed and a brilliant red coloring was . 
produced on the article^ surface- by im- • 
mersing it for about 15 minutes in a 1 per 
cent, aqueous solution of Safranine T. 

It is to be understood that the inven- 85 
tion is not limited to . the specific details 
herein described but may be carried out in 
other ways without departure from the 
broad aspects of the invention hereinafter" , 
claimed. 90 

Having now particularly described" and 
ascertained the nature of. my said inven- 
tion, and in what manner the same is to 
be performed, I declare that what. I . 
claim is: — -95 

1. A colored article of aluminium or 
aluminium alloy having an adsorbent 
oxide coating which is colored by a mor-. 
danted basic organic dyeing compound. 

2. A colored article of aluminium or alu- 100 
minium alloy having an adsorbent oxide 
coating in which is deposited a mordanted 
basic organic dye. 

3. A colored article, of alurninium or 
aluminium alloy having an adsorbent 105 
oxide coating which contains as an in- 
tegral or permanent part thereof a color- 
ing compound comprising a mordanted 
basic organic dye. 

4. A method of coloring aluminium or 110 
aluminium alloy which comprises forming* 

on the metal surface an adsorbent oxide 
coating, and thereafter, mordanting in .said - 
coating a basic organic, dye. 

5. An impregnation " method of colormg-ilS 
a pre-formed adsorbent oxide-coated sur- 
face of aluminium or aluminium alloy 
comprising mordanting . in said coated sur- _- : , 
face a basic organic dye." 

6. A method of coloring adsorbent 120 
oxide- coated alurnimum or aluminium 
alloy surfaces, comprising treating .the 
said surfaces successively with solutions. 

of a mordant and of" a basic organic dye 
capable of uniting with said mordant to 125 
produce in said surfaces an insoluble basic 
organic coloring compound. 

7. A method of . coloring adsorbent 
oxide-coated aluminium or aluminium, 
alloy surfaces comprising immersing the 130 
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said • oxide-boated" nifitaL in a mor-/- 

dantirig solution id . -cause the adsorbent . 

coating to. cadaorK" -part of saiid 
- solution ' ;and .thereafter applying" "to " said : 
" coating .a: basic: organic dye. capable- of 

combiri£Eig:"witli "said Mordanting solution; 

tti£ produce &i precipitate '. of characteristic^ 

color in situ* - L"v -/ : - - : . 

:: 3. "A "-method of . coloring alliiTiiTiinm- inf.. 

alurolniurn alloys substantially-as herein- 

before described^; : : i * / . . 


-*.9:~A" -colored '.article of aluminium or^ 
alnmhnuhv alloy- whenever colored by the 
processes hereinbefore: described. 
- ; . Dated theH7thuay of December, 1861: 
-, :Por EGBERT SECRE ST DUNHAM, " 
-•'.White, Lahgner, Stevens, Parry & 
£ ! v.: - : .-'J';." Rollilison a - ' - . 

Chartered Patent Agents r - 
5«-9, Quality' Court, Chancery Lane,- 
. ::! -London; "W.C.- 2, and at v " - ■ : 
17, John -Street, -New York r U.S.A.. - 
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